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Abstract
Background  Although disc large associated protein family (DLGAP5) has been reported to be involved in a variety of tumor 
pathologic processes, its expression and mechanism in gallbladder cancer (GBC) are still uncertain. Macrophages were 
divided into M1 and M2 macrophages. TAM is more closely defined as M2 polarized macrophages, which plays a key role 
in cancer progression.
Objective  To clarify the role of disc large associated protein family (DLGAP5) in gallbladder cancer (GBC) progression 
and investigate the mechanism.
Methods  Differential genes in 10 normal paracancer tissues and 10 GBC tissues in GSE139682 from NCBI-GEO were 
analyzed by R language. Bioinformation analysis and clinical sample analysis were performed to detect DLGAP5 expres-
sion in GBC and its correlation with prognosis. CCK-8, EDU, transwell, wound closure, and Immunoblot were performed 
to detect its effects on the function of GBC cells. GST-pulldown showed the direct interact between DLGAP5 and cAMP. 
Macrophage polarization assay was further conducted to detect the effects of DLGAP5 on macrophage M2 polarization. The 
tumor growth assays were further conducted to confirm its role in mice.
Results  Biological analysis and clinical samples confirmed that DLGAP5 was increased in GBC and strongly related to poor 
prognosis in patients with GBC. After overexpression of DLGAP5 in GBC cell lines, such as GBC-SD and NOZ cells, cell 
proliferation and migration were enhanced, and macrophages were polarized to M2. However, after DLGAP5 is knocked 
down, there is opposite effect. Mechanistically, DLGAP5 promotes the growth and migration of GBC-SD and NOZ cells and 
the M2 polarization of THP-1-derived macrophages by activating cyclic adenosine monophosphate (cAMP) pathway. In vivo, 
GBC-SD with DLGAP5 knockdown was subcutaneously injected into nude mice. It was found that after DLGAP5 knock-
down, both tumor volume and tumor were reduced, and indicators related to proliferation and M2 polarization decreased.
Conclusion  Our study shows that DLGAP5 is significantly elevated in GBC and is strongly related to poor prognosis in 
patients with GBC. DLGAP5 promotes GBC proliferation, migration, and M2 polarization of macrophages through cAMP 
pathway, which provides a theoretical basis for the treatment of GBC and may become a promising therapeutic target.
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Introduction

Gallbladder carcinoma (GBC) is the most common malig-
nant tumor of the biliary tract [1–3]. However, Patients with 
GBCd have a poor prognosis [2]. Therefore, it is important 

to clarify the underlying mechanisms and progression of 
gallbladder cancer. Tumor-associated macrophages are the 
main components of tumor microenvironment (TME), and 
play a key role in the cross-talk between cancer cells and 
TME [4–6]. Macrophages were divided into M1 and M2 
macrophages. TAM is more closely defined as M2 polar-
ized macrophages [7]. Emerging evidence suggests that M2 
macrophages contribute to cancer progression and metasta-
sis [7–9]. In addition, the presence of M2 macrophages is 
thought to be correlative to poor prognosis of various tumor, 
including breast cancer and colorectal cancer, and promote 
the migration and invasion of GBC cells [10].
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Cyclic adenosine monophosphate (cAMP) is a second 
messenger molecule involved in signal transduction, such 
as G protein-coupled receptors. cAMP is synthesized when 
adenylate cyclase catalyzes the conversion of adenosine 
triphosphate into cAMP [11]. Elevated bile acid has been 
reported to increase expression levels of FGF19 and FGFR4 
by activating the GPBAR1-cAMP-EGR1 pathway, FGF19 
secreted by GBC cells stimulates FGFR4 and downstream 
ERK in an autocrine manner by using bile as a potential car-
rier to promote GBC progression [12]. In addition, cAMP 
and interleukin-4 have a synergistic effect on STAT6 expres-
sion and can act as a cofactor of macrophage reprogramming 
to induce cAMP to produce M2-like phenotype in mac-
rophages that can restore TGR5-deficient inhibition [13].

The intervertebral disc large associated protein family 
(DLGAP), consisting of five members (DLGAP1-5), was 
first discovered in rats and has three key domains, includ-
ing a 14-amino acid repeat domain, a dynamic protein light 
chain domain and a guanosine kinase-related protein homol-
ogy domain [14–16]. DLGAP5 (also known as HURP or 
KIAA0008) is of interest because it is primarily related 
to many types of tumors [17–19]. DLGAP5 knockdown 
induces apoptosis of ovarian cancer cells [20]. High expres-
sion of DLGAP5 is closely related to poor prognosis of 
endometrial carcinoma patients [21]. However, the role of 
DLGAP5 in GBC is unclear.

The goal of this study was to explore the expression of 
DLGAP5 in GBC, and to illustrate the role of DLGAP5 
in GBC and related mechanisms. Our study found that 
DLGAP5 is significantly up-regulated in GBC and is related 
to poor prognosis, which promotes the migration of GBC 
and the M2 polarization of macrophages by activating the 
cAMP pathway.

Methods

Bioinformatics analysis

Differential genes in 10 normal paracancer tissues and 10 
GBC tissues in GSE139682 from NCBI-GEO were ana-
lyzed by R language to target DLGAP5 based on log|FC|> 2, 
P < 0.05. GO enrichment analysis and KEGG pathway 
enrichment analysis were performed for differential genes, 
and protein–protein interaction network was established 
through STRING database (https://​www.​string-​db.​org/). 
Then, the expression level of DLGAP5 in various tumors 
was analyzed by TCGA database.

Patients and clinical samples

One hundred and forty patients with GBC were recruited, 
and the study was approved by Ethics Committee of the 

Second Affiliated Ho spital of Kunming Medical Univer-
sity. Please refer to Table 1 for the demographic information 
of the patients. GBC tissue and normal paracancer tissue 
were collected during surgery, one sample was placed in 4% 
paraformaldehyde for immunohistochemical studies, and the 
other sample was placed in liquid nitrogen to measure gene 
and protein expression levels of target genes in tissue.

Cell culture and transfection

GBC cell lines GBC-SD and NOZ cells and human mono-
cyte THP-1 were purchased from American Type Culture 
Collection (Manassas, VA, USA). GBC cell lines were cul-
tured with DMEM-F12 (Gibco, Grand Island, NY, USA) 
containing 10% fetal bovine serum (FBS) and THP-1 cells 
were cultured with RPMI-1640 (Gibco) containing 10% 
FBS. To explore the role of DLGAP5, we transfected plas-
mids into GBC-SD and NOZ cells with lipofectamine 3000 
reagent (Invitrogen, Carlsbad, CA, USA) to make DLGAP5 
overexpressed, and realized DLGAP5 knockdown by trans-
fection with small interfering RNA.

Cell viability and invasion

In order to detect cell proliferation, GBC-SD and NOZ cells 
were planted on 96-well plates, and after overexpression or 
knockdown of DLGAP5 with or without stimulator, cell 
viability was detected using cell counting kit-8 (CCK-8; 

Table 1   Comparison of clinicopathological profiles of GBC patients 
between the low and high DLGAP5 expression groups

Statistical analyses were performed with the Chi-square test
* p < 0.05 was considered statistically significant

Variables DLGAP5 expression level Total (n = 140) P value

Low (n = 43) High (n = 97)

Age
< 60 12 34 46 0.406
≥60 31 63 94
Gender
Male 25 46 71 0.242
female 18 51 69
Differentiation
High 6 12 18 0.966
moderate 25 57 82
low 12 28 40
TNM stage
0-II 23 28 51 0.005*
III-IV 20 69 89
Lymph node metastasis
Absent 38 33 71 < 0.001*
Present 5 64 69

https://www.string-db.org/
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Beyotime, Shanghai, China) [22]. In addition, for detecting 
DNA synthesis rate by staining with 5-ethynyl-20-deoxyu-
ridine (EDU), GBC cell lines were treated and 50 μM EDU 
was added to cell plates, followed by DNA staining with 
Hoechst 33,342 for half an hour, and positive cells were 
observed under a microscope.

The invasion ability of GBC cell line GBC-SD and NOZ 
cells was detected by Transwell assay. The GBC-SD or NOZ 
cells (1 × 105 cells/well) were cultured in matrigel-coated 
transwell upper compartment and 20% FBS was added to 
the lower compartment. After 24 h, the cells in the lower 
chamber were migrating cells. In addition, The GBC-SD and 
NOZ cells were inoculated in 6-well plates and cultured to 
30–50% density. Artificial scratches were formed with 20 μl 
pipette tip. The span of the scratches was observed with a 
microscope at 0 and 48 h after the scratches to monitor cell 
migration.

Flow cytometry

GBC-SD and NOZ cells with DLGAP5 knockdown were 
digested into single cells by 0.25% trypsin and stained with 
Propidium iodide (PI) and Annexin V-FITC. Apoptosis rates 
were measured by flow cytometry. PMA-induced THP-1 
macrophages co-cultured with GBC cells were isolated and 
stained with anti-CD163-FITC or anti-CD206-APC, and the 
number of CD163 or CD206-positive cells in macrophages 
was analyzed by flow cytometry. The tumor tissue was dis-
persed into single cells, then stained with anti-CD206-APC 
and anti-F4/80-FITC, and F4/80+CD206+ positive cells were 
analyzed by flow cytometry.

All used antibodies were purchased Biolegend company 
(San Diego, CA, USA).

Quantitative real‑time PCR and western blotting

Trizol reagent was used to extract total RNA from tissues 
or cells, and then the RNA was reversely transcribed into 
cDNA with the kit (Takara, Dalian, China) and amplified 
with suitable primers. The primers are as follows: DLGAP5 
5’-AAG​TGG​GTC​GTT​ATA​GAC​CTGA-3’ and 5’-TGC​TCG​
AAC​ATC​ACT​CTC​GTTAT-3’; Arg1 5’-CCC​TGG​GGA​
ACA​CTA​CAT​TTTG-3’ and 5’-GCC​AAT​TCC​TAG​TCT​
GTC​CACTT-3’; CD206 5’- CTA​CAA​GGG​ATC​GGG​TTT​
ATGGA-3’ and 5’- TTG​GCA​TTG​CCT​AGT​AGC​GTA-3’, 
CD163 5’-GCG​GGA​GAG​TGG​AAG​TGA​AAG-3’ and 
5’-GTT​ACA​AAT​CAC​AGA​GAC​CGCT-3’; IL-10 5’- TCA​
AGG​CGC​ATG​TGA​ACT​CC-3’ and 5’- GAT​GTC​AAA​CTC​
ACT​CAT​GGCT-3’.

Total proteins of tissues or cells were extracted, and then 
western blotting was performed as described above [23, 
24]. The antibodies used are as follows: DLGAP5 (1:1000, 
Abcam, Cambridge, UK), Arg1 (1:1000, Abcam), CD206 

(1:1000, Abcam), CD163 (1:1000, Abcam), and IL-10 
(1:1000, Abcam).

Immunohistochemistry and immunofluorescence

For immunohistochemistry, clinical specimens or allograft 
tumor specimens obtained were fixed with 4% paraformal-
dehyde for 24 h, then embedded in paraffin and cut into 4um 
tissue sections. The slices were dewaxed and dehydrated, 
and the tissue sections were repaired by thermal repair anti-
gen method for half an hour. Incubate with 3% hydrogen 
peroxide and 5% BSA for 20 min and 40 min respectively, 
and then incubate with antibodies. Antibodies are shown as 
follows: DLGAP5 (1:100, Abcam), CD206 (1:100, Abcam), 
Ki67 (1:100, Abcam).

For immunofluorescence, the treated cells were fixed 
with 4% paraformaldehyde at room temperature for 30 min, 
then incubated with PBS containing 0.1% Tween 20 and 5% 
donkey serum for 1 h [25], and then incubated with anti-E-
cadherin (1:200, Abcam) and anti-vimentin (1:200, Abcam).

Macrophage polarization

The polarization of GBC cells on macrophages was 
detected by Transwell method. Forskolin was added or not 
to GBC cell lines (GBC-SD and NOZ) after overexpres-
sion or knockdown of DLGAP5, which were co-cultured 
with 320 ng/mL phorbol-12-myristate-13-acetate (PMA) to 
induce THP-1. Flow cytometry was used to detect the polar-
ization of TPH-1 derived macrophages, and total protein 
and RNA of THP-1-derived macrophages were extracted for 
western blotting and RT-PCR.

In vivo experiments

Animal experiments have been approved by Ethics Com-
mittee of the Second Affiliated Ho spital of Kunming Medi-
cal University. Female BALB/C nude mice (4 weeks old) 
were purchased from Vital River Laboratory Technology 
(Beijing, China). GBC-SD cells (1 × 107 cells/mouse) with 
DLGAP5 knockdown were subcutaneously injected into 
the mentioned mice. Tumor growth was detected 1 week 
later. After 4 weeks, the mice were sacrificed and the tumors 
were harvested for weighing or for flow cytometry and 
immunohistochemistry.

Statistical analysis

All cell experiments were repeated three times and in vivo 
experiments five times. Data analysis was performed with 
Graphpad 7.0 software (GraphPad Software, LaJolla, CA, 
USA). Kaplan Meier was used to make survival curves. 
Student’s t test or the Mann–Whitney U test was used for 
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comparison between two groups depending on distribu-
tion. Correlation analysis was performed by spearman test. 
P < 0.05 was considered to be statistically significant.

Results

DLGAP5 is up‑regulated in GBC

Normal and tumor tissue in GSE139682 were analyzed 
to gain differentially expressed genes (DEGs) based on 
log|FC|> 2, P < 0.05, including 100 up-regulated and 227 
down-regulated genes. Volcanic map (Fig. 1A) and heat map 
(Fig. 1B) of RNA clustering analysis are shown. DEGs of 
biological processes were involved in muscle contraction 

and muscle system process, its cellular component partici-
pated in collagen-containing extracellular matrix, and gly-
cosaminoglycan binding and sulfur compound binding were 
involved in its molecular function (Fig. 1C, D). Pathway 
enrichment analysis showed that the DEGs were associ-
ated with neuroactive ligand-receptor interaction, calcium 
signaling pathway, and cAMP signaling pathway (Fig. 1E, 
F). STRING database was used to analyze protein–protein 
interactions involving in up-regulation and down-regulation 
of gallbladder cancer DEGs (Fig. 1G). Protein–protein inter-
actions analysis obtained 30 genes, all of which were nodes 
larger than 3 (Fig. 1H). Then, we analyzed genes with nodes 
no less than 10, and their expression in GBC was shown 
in the heat map of Fig. 1I. Subsequently, we analyzed the 
expression of the five genes with the most nodes, including 

Fig. 1   Differential gene analysis in GBC expression profile. Differ-
ential genes in 10 normal paracancer tissues and 10 GBC tissues in 
GSE139682 from NCBI-GEO were analyzed by R language to tar-
get DLGAP5 based on log|FC|> 2, P < 0.05.It found that there were 
100 up-regulated genes and 227 down-regulated genes, and then map 
the volcano (A) and heat maps (B). GO analysis is presented in bar 
charts (C) and point charts (D). KEGG analysis was presented in bar 

graph (E) and point graph (F) respectively. Establish PPI network (G) 
and obtain hub genes (H). (I) The hub genes are selected from (H) to 
make heat maps. (J) Genes with the largest number of adjacent nodes 
were selected from (H) to observe their expression levels in the two 
groups. (K) Expression level of DLGAP5 was analyzed in normal 
group and GBC tissue. **P < 0.01, ***P < 0.001 compared with nor-
mal group
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TTK, TOP2A, NEK2, DLGAP5 and CENPF, in GBC 
(Fig. 1J). Studies have reported that DLGAP5 is overex-
pressed in many tumors, including breast cancer, liver can-
cer, urinary bladder cancer, meningioma and adrenocortical 
cancer [17, 26–28]. DLGAP5 was significantly elevated in 
GBC tissues (Fig. 1K). These results suggest that DLGAP5 
perhaps involved in the pathological process of GBC.

The expression level of DLGAP5 is associated 
with poor prognosis and tumor‑associated M2 
macrophages

We analyzed the expression level of DLGAP5 in various 
tumors including cholangiocarcinoma (CHOL) through 
TCGA database, and found that the expression levels of 
DLGAP5 in CHOL were significantly elevated (Fig. 2A). 
There was no gallbladder cancer in the database, so we 
included CHOL. TCGA analysis showed that DLGAP5 was 
significantly overexpressed in CHOL (Fig. 2B, C). Analysis 
of our clinical samples showed that DLGAP5 gene levels 
were significantly up-regulated in GBC tissues (Fig. 2D). 
Consistent with gene levels, protein expression levels of 
DLGAP5 were also significantly increased in GBC tissues 
compared with normal adjacent tissues (Fig. 2E). By immu-
nohistochemistry, we found that DLGAP5 was expressed 
differently in GBC tissues. In GBC tissues, 86.43% of the 
samples showed high expression of DLGAP5, while only 
45.71% of the samples in the normal group showed high 
expression of DLGAP5 (Fig. 2F). In addition, we analyzed 
the survival rate of patients with high and low DLGAP5 in 
GBC and found that patients with high DLGAP5 had a lower 
survival rate (Fig. 2G). M2 macrophages play an important 
role in cancer [29–31]. Immunohistochemistry showed that 
the markers of M2 macrophages, CD206, were significantly 
up-regulated in GBC tissues, and 87.14% of samples in 
GBC tissues showed high expression of CD206, whereas 
only 23.57% of samples in the normal group showed high 
expression of CD206 (Fig. 2H). By correlation analysis, as 
shown in Fig. 2I showed that there was a positive correlation 
between CD206 and DLGAP5 expression levels (r = 0.683, 
p < 0.001). The demography and clinical data of patients 
with low and high expression of DLGAP5 are shown in 
Table 1. These results implythat DLGAP5 is overexpressed 
in GBC and is closely associated with poor clinical out-
comes and macrophage M2 polarization.

DLGAP5 promotes the growth and migration of GBC 
cells

In order to explore the effect of DLGAP5 on GBC mecha-
nism, DLGAP5 was overexpressed by plasmid and knocked 
down by small interfering RNA in GBC cell lines (GBC-CD 
and NOZ). Western blotting experiments were performed to 

verify the efficiency of DLGAP5 overexpression or knock-
ing (Fig. 3A). The viability of GBC cell lines was detected 
by CCK8 assay, and the activity of GBC-SD and NOZ cells 
was enhanced after overexpression of DLGAP5, while the 
cell viability of GBC-SD and NOZ cells was down-regu-
lated after knockdown of DLGAP5 (Fig. 3B). Consistent 
with it, we found that overexpression of DLGAP5 increased 
the clone number of GBC-SD and NOZ cells, while knock-
down of DLGAP5 significantly descended the clone num-
ber of GBC cells (Fig. 3C). In addition, EDU experiment 
results also showed that GBC-SD and NOZ cells prolif-
eration was significantly enhanced after overexpression of 
DLGAP5, while cell proliferation was weak after knock-
down of DLGAP5 (Fig. 3D). Furthermore, we detected the 
effect of DLGAP5 on GBC apoptosis, and our study indi-
cated that overexpression of DLGAP5 significantly reduced 
the apoptosis rate of GBC cells, while knockdown of 
DLGAP5 significantly increased the apoptosis rate of GBC 
cells (Fig. 3E). These results suggest that up-regulation of 
DLGAP5 promotes the growth of GBC cells.

Further, we studied the effect of DLGAP5 on GBC cell 
migration. Transwell assay showed that the invasion ability 
of GBC-SD and NOZ cells was significantly enhanced after 
DLGAP5 overexpression, while the invasion ability of GBC 
cells was significantly weakened after DLGAP5 knockdown 
(Fig. 4A). Consistent with the results of invasion experiment, 
through scratch experiment, it was found that the scratch 
width of GBC-SD and NOZ cells was significantly reduced 
after overexpression of DLGAP5, while the scratch width 
of GBC cells was increased after knock down of DLGAP5 
(Fig. 4B). In addition, we examined the protein levels of 
E-cadherin, N-cadherin, and vimentin, and we found that 
overexpression of DLGAP5 decreased E-cadherin and ele-
vated N-cadherin and vimentin levels. However, the opposite 
effect appears after DLGAP5 is knocked down (Fig. 4C). 
Immunofluorescence showed that the expression levels of 
E-cadherin and vimentin in each group were consistent with 
the above results. This suggests that up-regulated DLGAP5 
can promote GBC cells invasion and migration.

DLGAP5 promotes the M2 polarization 
of macrophage in GBC

M2 polarization of macrophages plays an important role 
in tumor [31–33]. We explored whether DLGAP5 affects 
the polarization of tumor-associated macrophages. Human 
monocyte THP-1 can polarize into M2 macrophages under 
the stimulation of PMA and IL-4, and the morphology of the 
cells under the microscope is shown in Fig. 5A. GBC-SD 
and NOZ cells overexpressed or knocked down DLGAP5 
were co-cultured with PMA-induced THP-1. Flow cytom-
etry was used to detect CD163 and CD206 positive cells of 
THP-1-derived macrophages, which were markers of M2 
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macrophages. It indicated that CD163 and CD206 were 
up-regulated in THP-1-derived macrophages after overex-
pression of DLGAP5, while the expression levels of CD163 
and CD206 were decreased after knockdown of DLGAP5 
(Fig. 5B). In addition, after overexpression of DLGAP5 in 
GBC-SD and NOZ cells, the relative mRNA expression lev-
els of Arg1, CD206, CD163 and IL-10 in THP-1-derived 
macrophages were up-regulated by RT-PCR assay, while this 
result was reversed after knockdown of DLGAP5 (Fig. 5C). 
Consistent with gene expression levels, western blotting 
results showed that after overexpression of DLGAP5 in 
GBC-SD and NOZ cells, protein expression levels of Arg1, 
CD206, CD163 and IL-10 in THP-1-derived macrophages 
were up-regulated (Fig. 5D).

DLGAP5 promotes the progression of GBC 
by regulating cAMP pathway

DLGAP5 promotes the growth, invasion and migration and 
the M2 polarization of macrophages in GBC cells. First, we 
investigated whether DLGAP5 could regulate cAMP, and 
our results indicated that cAMP level was up-regulated in 
GBC-SD and NOZ cells after overexpression of DLGAP5, 
while cAMP expression was down-regulated after DLGAP5 
knockdown (Fig.  6A). To explore whether DLGAP5 is 
involved in the progression of GBC through the cAMP 
pathway, forskolin was added, which is cAMP agonist, after 
DLGAP5 knockdown of GBC-SD and NOZ cells. After 
DLGAP5 was knocked down, the level of cAMP was signifi-
cantly down-regulated, while after forskolin was added, the 
level of cAMP was recovered (Fig. 6B). The direct interact 
between DLGAP5 and cAMP had been further confirmed 
by the GST-pulldown assay (Fig. 6C). Subsequently, the 
activity of GBC cells was detected by CCK8 assay, and 
it was found that after DLGAP5 was knocked down, the 

cell activity was significantly decreased, while after for-
skolin was given, the cell activity was rescued (Fig. 6D). 
We further study the effect of cAMP pathway on GBC cell 
proliferation and migration. By transwell experiment, the 
invasion ability of GBC cells was reduced after DLGAP5 
was knocked down, while the invasion ability of GBC cells 
was recovered after forskolin was added (Fig. 6E). The 
results of scratch test indicated that the migration ability 
of GBC-SD and NOZ cells was weakened after DLGAP5 
was knocked down, while the migration ability of GBC-
SD and NOZ cells was rescued after forskolin was given 
(Fig. 6F). After DLGAP5 knockdown, GBC cells were co-
cultured with PMA-induced THP-1 cells. Flow cytometry 
results showed that THP-1-derived macrophages had low 
expression levels of CD163 and CD206. CD163 and CD206 
levels of THP-1-derived macrophages were restored when 
forskolin was added (Fig. 6G). These results elucidate that 
DLGAP5 is involved in the pathogenesis of GBC through 
the cAMP pathway.

Knockdown of DLGAP5 inhibits tumor progression 
in vivo

GBC-SD cells with DLGAP5 knockdown were subcutane-
ously xenografted into BALB/C nude mice. Results showed 
that among tumors formed by GBC-SD cells with DLGAP5 
knockdown, the sh-DLGAP5 #2 group showed decrease in 
tumor weight and volume (Fig. 7A). The expression levels of 
DLGAP5, Ki67 and CD206 in tumor tissues were detected 
by immunohistochemistry, and the results showed that the 
expression levels of DLGAP5, Ki67 and CD206 were down-
regulated in the sh-DLGAP5 #2 group (Fig. 7B). Moreo-
ver, F4/80+CD206+ cells in tumor tissue were significantly 
decreased in the sh-DLGAP5 #2 group (Fig. 7C). These data 
suggest that DLGAP5 knockdown can inhibit tumor progres-
sion in vivo.

Discussion

Our study found that DLGAP5 levels are increased in GBC, 
and DLGAP5 expression levels are closely related to the 
prognosis of GBC patients. DLGAP5 promotes the growth 
and migration of GBC cells and the M2 polarization of mac-
rophages. Mechanistically, DLGAP5 promotes the patho-
logical progression of GBC through cAMP pathway.

The differential expression genes between GBC tissues 
and the normal group using a database were analyzed. 
Through analyzing protein–protein interaction, 30 genes 
with more nodes were obtained. Then, 5 genes with the 
most nodes were selected from the 30 genes for analysis. 
Previous studies have found that DLGAP5 is upregulated 
in many tumors, which is closely related to tumor migration 

Fig. 2   DLGAP5 is highly expressed in GBC and associated with 
poor prognosis and tumor-associated M2 macrophages. (A) TCGA 
database showed that DLGAP5 was highly expressed in cholangio-
carcinoma tissues (marked with red box). (B, C) Expression level of 
DLGAP5 in cholangiocarcinoma was analyzed in TCGA database. 
(D) Gene expression levels of DLGAP5 were detected by RT-PCR 
in GBC. (E) Protein expression levels of DLGAP5 were detected by 
western blotting in both normal group and GBC tissues. (F) Immu-
nohistochemical representative pictures were used to demonstrate the 
expression of DLGAP5 in the paracancer normal group and GBC tis-
sues. Scale bar, 200 μm. Below is an enlarged picture of them, Scale 
bar, 100  μm. The bar chart shows the percentage of high and low 
expression levels of DLGAP3 in the normal and GBC groups. (G) 
Survival rate in patients with high versus low DLGAP3. (H) Immu-
nohistochemical representation of CD206 expression in the paracan-
cer normal group and GBC tissues. Scale bar, 200 μm. Below is an 
enlarged picture of them, Scale bar, 100 μm. The bar chart shows the 
percentage of high and low expression levels of DLGAP3 in the nor-
mal and GBC group. (I) Correlation analysis of CD206 and DLGAP5 
levels in GBC tissues. ***P < 0.001 compared with normal group

◂
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and proliferation [34–36]. Our study found that DLGAP5 
was overexpressed in patient with GBC. Furthermore, the 
expression level of DLGAP5 in various tumors was analyzed 
through the database. Since there was no data of GBC tissues 
in the database, we analyzed the data of similar CHOL tis-
sues. DLGAP5 was found to be significantly overexpressed 

in CHOL. Combined with clinical samples, by detecting 
the expression level of DLGAP5 in GBC tissues, it found 
that DLGAP5 was significantly increased in GBC tissues. 
GBC patients with high DLGAP5 have a poor prognosis. 
In addition, GBC tissue significantly overexpressed CD206, 
M2 macrophage markers. There was a significant positive 

Fig. 3   DLGAP5 promotes cell growth of GBC. DLGAP5 was 
knocked down in GBC-SD and NOZ cells. (A) Protein expression 
levels of DLGAP5 were detected by western blotting. The expres-
sion level of DLGAP5 in each group was analyzed according to 
the gray value of the bands. (B) CCK8 assay was detected the cell 

viability of GBC and NOZ cells. (C) After overexpression or knock-
down of DLGAP5, cell clonogenesis was counted. (D) EDU detected 
cell proliferation in each group. (E) Apoptosis rate was detected by 
flow cytometry. *P < 0.05, **P < 0.01 compared with vector group; 
&P < 0.05, &&P < 0.01 compared with sh-NC group
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correlation between the expression level of DLGAP5 and 
CD206, suggesting that DLGAP5 may be related to the 
polarization of tumor-associated macrophages. All these 
suggest that DLGAP5 may be involved in the underlying 
pathological mechanism of GBC. Cell proliferation and 
migration play an important role in tumors. Studies have 
shown that DLGAP5 promotes the growth and migration 
of tumor cells [36, 37]. Toexplored whether DLGAP5 also 
affects the proliferation and migration of GBC cells, the role 
of DLGAP5 on the proliferation and migration of GBC was 
elucidated by overexpression of DLGAP5 or si-RNA knock-
down of DLGAP5. Interestingly, GBC-SD and NOZ cells 
overexpressing DLGAP5 revealed more clonal formation, 
more cell activity, and lower cell apoptosis rate. However, 
GBC-SD and NOZ cells in DLGAP5 knockdown showed 
opposite results. Transwell assay, scratch assay and western 
blotting showed that cell invasion ability was enhanced in 
GBC-SD and NOZ cells overexpressing DLGAP5, and the 
expression of N-cadherin and vimentin was up-regulated, 
which are epithelialmesenchymal transition-related indica-
tors. After DLGAP5 knockdown, the migration ability of 
GBC-SD and NOZ cells decreased, and the expression of 
N-cadherin and vimentin was down-regulated. It implies 
that DLGAP5 promotes the proliferation and migration of 
GBC cells.

Polarization of macrophages plays an important role in 
tumor [38, 39]. According to the data in Fig. 2, we found 
that DLGAP5 was correlated with M2 macrophages. We 
hypothesized that DLGAP5 promoted M2 polarization of 
tumor-associated macrophages. GBC-SD and NOZ cells 

that were overexpressed or knocked down by DLGAP5 
were co-cultured with PMA-induced THP-1 cells. CD163 
and CD206 were highly expressed in THP-1 macrophages 
co-cultured with dLGAP5-overexpressing GBC cells, 
which are markers of M2 macrophages. Moreover, our 
study results showed that the expression levels of Arg1, 
IL-10, CD163 and CD206 related to M2 macrophages 
were up-regulated after overexpression of DLGAP5. How-
ever, in the co-culture of GBC cells with DLGAP5 knock-
down and PMA-induced THP-1 cells, M2-related indica-
tors in THP-1-derived macrophages were down-regulated. 
It suggests that DLGAP5 promotes the M2 polarization 
of macrophages in GBC. cAMP pathway plays an impor-
tant role in proliferation, migration and M2 polarization 
of macrophages in various tumors [40–43]. We explored 
whether DLGAP5 plays a role in GBC proliferation and 
macrophage polarization through the cAMP pathway. 
We found that overexpression of DLGAP5 significantly 
increased the cAMP levels, while knockdown of DLGAP5 
remarkably decreased the expression level of cAMP. After 
DLGAP5 knockdown, GBC-SD and NOZ cells showed 
decreased cell activity, decreased migration ability, and 
decreased polarization of macrophages toward M2. How-
ever, these phenomena were reversed after the adminis-
tration of forskolin, an agonist of cAMP. It suggests that 
DLGAP5 is involved in the growth, invasion, migration 
of GBC cells and the M2 polarization of macrophages 
through the cAMP pathway. The effect of DLGAP5 on 
GBC was verified in  vivo. The sh-DLGAP5 #2 group 
showed down-regulation of tumor weight and volume, 

Fig. 4   DLGAP5 promotes the migration of GBC cells. In GBC-SD 
and NOZ cells, DLGAP5 was knocked down and cell invasion was 
detected by transwell (A) and cell migration was detected by scratch 
assay (B). (C) Western blotting was used to detect the expression lev-

els of E-cadherin, N-cadherin and vimentin in GBC-SD and NOZ 
cells. (D) Immunofluorescence representative pictures of E-cadherin 
and vimentin were shown. Scale bar, 50  μm. **P < 0.01 compared 
with vector group; &P < 0.05, &&P < 0.01 compared with sh-NC group
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and decreased expression of CD206. All these suggest 
that knockdown DLGAP5 can inhibit tumor progression 
in vivo.

Macrophage polarization regulation mainly plays a role 
through cell signaling mediators. As an important nuclear 
transcription factor, cAMP response element-binding 

protein (CREB) promotes M2 polarization of macrophages 
by binding to cAMP. In addition, cAMP itself has an 
important influence on the regulation of metabolism, and 
the change of its level also affects the M2 polarization 
process by affecting cell metabolism.

Fig. 5   DLGAP5 promotes the M2 polarization of macrophage. (A) 
THP-1 cells were treated with 320 ng/mL PhorBOL-12-myriSTATE-
13-acetate (PMA) for 1  day and then were cultured with 20  ng/mL 
IL-4 and 20 ng/mL IL-13 for 48 h to induce M2 polarization of mac-
rophages. Cell morphology was observed under a microscope. (B–D) 
After overexpressing DLGAP5 or knocking down DLGAP5 in GBC-
SD and NOZ cells, they were co-cultured with PMA-induced THP-1 

cells and THP-1 cells were used to detect indicators associated to 
M2 macrophage. (B) The expression levels of CD206 and CD163 
were determined by flow cytometry. (C) Arg1, CD206, CD163 and 
IL-10 gene expression levels were detected by RT-PCR. (D) The 
protein levels of Arg1, CD206, CD163 and IL-10 were detected by 
western blotting. **P < 0.01 compared with vector group; &P < 0.05, 
&&P < 0.01 compared with sh-NC group
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DLGAP5 is an expression product of a cell cycle regu-
latory gene. The expression level of DLGAP5 increases 
in the G2/M phase and decreases sharply in the early to 
middle stages of G1. The expression level of DLGAP5 
changes periodically throughout the cell cycle. In addition, 
DLGAP5 could mediate cell cycle in cancer cells. How-
ever, We found that DLGBP5 affects tumor progression 
through TAM, but do not rule out the possibility of simulta-
neous regulation through the cell cycle. Given the complex 
effects of DLGBP5 on gallbladder cancer and its impact on 
macrophage-related phenotypes, we suggest that DLGBP5 
appears to have a greater influence on the progression of 
gallbladder cancer through TAM.

Patients with different expression of DLGAP5 had dif-
ferent stages by TNM, which was confirmed by our clinical 
data. However, if accumulation of expression is just stage-
related, or this is independent factor of poor prognosis, is 
still unclear, in this study. Therefore we need further func-
tion assays to confirm it. In addation, while therapeutic 
potential of DLGAP5 is promising, further investigations 
are needed to clarify the prognostic role of this marker.

In many types of tumors (breast, bladder, prostate, head 
and neck, glioma, melanoma, and non-Hodgkin lymphoma), 
macrophage polarization often suggests a poor prognosis, 

which can be explained by the pro-tumor function of mac-
rophages. M2 macrophages are abundant in malignant 
gliomas and predict poor prognosis, which could serve as 
markers for the early diagnosis of GBC. We here also indi-
cated the co-relation of DLGAP5 expression level and poor 
GBC prognosis, suggesting that DLGAP5 promotes M2 
polarization of macrophages and therefore promotes GBC 
progression [40, 41]. In this study, we focused on the effect 
of this protein on the polarization of macrophages, because 
the literature reports that this phenomenon has a more sig-
nificant effect on GBC. The experimental results further 
confirm our hypothesis. In addition, we expect to further 
analyze the effects of other types of immune cells on the 
tumor immune microenvironment and the progression and 
prognosis of GBC in future studies. We plan to further verify 
the synergistic effect of relevant immune cells on GBC by 
means of monocytomics and immunofluorescence.

Our study shows that DLGAP5 is significantly elevated 
in GBC and is strongly associated with poor prognosis in 
patients with GBC. DLGAP5 promotes proliferation, migra-
tion, and M2 polarization of macrophages through cAMP 
pathway in GBC. DLGAP5 provides a theoretical basis for 
the treatment of GBC and may become a promising thera-
peutic target.

Fig. 6   DLGAP5 promotes GBC progression by regulating cAMP 
pathway. (A) Overexpression or knockdown of DLGAP5 in GBC-
SD and NOZ cells. The expression levels of cAMP were detected in 
each group. (B–F) After DLGAP5 was knocked down in GBC-SD 
and NOZ cells, forskolin was added or not, and cAMP expression 
was detected (B). (C). GST-pulldown confirmed the direct inter-
act between DLGAP5 and cAMP. The cell activity was detected by 

CCK8 assay (D), cell migration was detected by transwell (E) and 
scratch (F) assay. (G) After DLGAP5 was knocked down in GBC-
SD and NOZ cells treated with or without forskolin, and then co-
cultured with PMA-induced THP-1 cells. Flow cytometry was used 
to detect the expression levels of CD206 and CD163 in THP-1 cells. 
**P < 0.01 compared with sh-NC group; &P < 0.05, &&P < 0.01 com-
pared with sh-DLGAP5 group
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Fig. 7   Knockdown DLGAP5 
inhibits tumor progression 
in vivo. (A) After DLGAP5 
knockdown in GBC-SD cells, 
both tumor size and tumor 
volume were down-regulated. 
(B) Representative images 
showing the expression levels 
of DLGAP5, CD206 and Ki-67 
positive cells. (C) M2 mac-
rophage marker F4/80+CD206+ 
cells in xenograft tumor tissue 
were detected by flow cytom-
etry. **P < 0.01 compared with 
sh-NC group
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